More recently, the analysis of social networks in computer-supported collaborative learning environments has received more attention. Less attention has been given to how the participants themselves see collaborative patterns and trends. Towards that end, we interviewed 131 fourth and fifth-grade elementary students at the end of four different ten week-long collaborative software design projects and asked them to describe the type of help they had either given to or received from team members and other students in their class. Technical help with programming problems was by far the most prominent type of help given or received. The frequency of helping interactions not only increased over the course of two design projects but also became more varied. Distribution of helping interactions became only more equitable in a second design project. The discussion addresses methodological issues in using students' perceptions of helping interactions in social network analysis, the nature of students' social resources, the impact of experience, and issues of gender equity in computer-supported collaborative learning.
INTRODUCTION
With the introduction of computer-based learning environments, educators have tried to capitalize on the benefits of collaborative interactions for learning. Researchers have investigated different forms of computer-mediated communications (e.g., Levin, Waugh, Chung, & Miyake, 1992; Riel & Levin, 1990) , the development of tools that support and facilitate interactions (e.g., Gordin & Pea, 1994; Hmelo, Holton, & Kolodner, 2000) and the distribution of interactions between students (e.g., Linn & Hsi, 2000) . For the most part, researchers have conducted quantitative and qualitative analyses to understand the contributions and issues of computer-mediated social interactions on students' learning.
More recently, the attention has turned to social networks found in computer-supported collaborative learning environments with the goal to examine not only individual contributions but also relationships among peers. Wordham (1999; see also Frank, 1998) illustrated how social network representations allow to visualize and quantify strengths of participation patterns and relationships using log files and e-mail messages as input data. For example, Nurmela, Lehtinen and Palonen (1999) used social network analysis to analyse how a group collaboratively interacted and referenced electronic documents. Palonen and Hakkarainen (2000) applied social network analysis to study logfiles documenting how elementary students accessed and commented on documents shared within a CSILE learning environment (e.g., Scardamalia & Bereiter, 1994) . Such methods help to illustrate the often complex relationships that emerge in interactions between participants within a community of learners.
The current study described here contributes to this research on social networks but from a different perspective, those of participants in a computer-supported collaborative learning environment. While observational data or log files provide us with valuable information on how to reconstruct social networks from a researcher's perspective, they tell us little about how the participants themselves see such interactions. In this context, researchers have been particularly interested in helping interactions which have proven to be instrumental in students' learning (e.g., Webb & Palincsar, 1996) . For that reason, we asked elementary students in interviews conducted at the end of a ten weeklong collaborative software design project (Kafai, 1996) to describe the type of help they had either given to or received from project team members and other students in their class. To better understand the impact and development of students' helping experiences, we conducted several different software design projects over the course of two years. We analyzed the students' interview transcripts in regard to five aspects: (1) type of helping interaction received or given as told by students; (2) frequency of helping interactions within and outside of teams; (3) the impact of students' previous software design experience on helping interactions; (4) development of helping interactions over the course of two consecutive software design projects; and (5) equitable distribution of helping interactions among team and class members. We will discuss these results in relation to companion research that conducted a comparative observational analysis of students' helping interactions (Ching, 2000) .
BACKGROUND
The importance of collaborative interactions on learning has been emphasized in different theoretical approaches, most notably in social-cultural and socio-cognitive perspectives. For example, researchers such as Lave and Wenger (1991) see collaborations in apprenticeships as a form of legitimate peripheral participation that allow participants' enculturation into the social practices of a community. Others, such as Moll and Greenberg (1990) , focus on social resources within the larger community and talk about the importance of mobilizing 'funds of knowledge' within a classroom for learning. In the cognitive tradition, the focus has been on the coordination of group interactions to facilitate students' learning (Webb & Palincsar, 1996) . In either perspective, helping interactions between group members have been seen as instrumental in the learning process.
For that reason, many project-based learning environments have made helping interactions an integral feature of their design in the form of getting students to explain and share their understanding by building computer-based collaborative artifacts (e.g., Blumenfeld, Marx, Soloway, Krajcik, Guzdial, & Palincsar, 1991) . In the collaborative software design project (Kafai, 1996) , a special form of project-based learning, students are asked to design and implement instructional software using LOGO microworlds to teach younger students in their school about science. Three to five students work in mixed-gender teams over a period of ten weeks in conjunction with their regular science class. To facilitate helping interactions, student teams are comprised of more or less experienced students. For that purpose we distinguish in accordance with Lave and Wenger (1991) between students as old-timers, i.e., having participated in a previous software design project, and newcomers, i.e., being new to instructional software design activities. This approach resembles models of cognitive apprenticeship (Collins, Brown & Newman, 1989; Daiute & Dalton, 1993) with the important distinction that not adults but students with previous experience are configured as the more able participants.
In previous research we have examined the particular forms of apprenticeship interactions that emerge in these teams of young software designers for their learning of science and programming (Kafai & Ching, 2001; Ching 2000) . A recent study compared the helping interactions in a software design project composed of fourth-grade newcomers and fifth-grade oldtimers with a class composed of fourth-and fifth-grade newcomers using observational analysis (Ching, 2000) . The results of this analysis indicated that teams with experienced students, i.e., oldtimers, provided better learning opportunities for their newcomers. For example, teams with oldtimer students featured more forms of assisted guidance than didactic demonstrations in helping newcomers to learn software design skills. Furthermore, teams with oldtimer students offered newcomers more opportunities to work independently on their own designs while periodically monitoring their progress and offering help on demand. Such findings illustrate that social interactions can be configured in different ways depending on students' previous experience. Students themselves reflected on these differences when comparing their perspectices as newcomers and oldtimers (Ching, 1999) .
The present study complements this work by focusing on students' perceptions of helping interactions in their teams and class during the software design project. We were interested in which ways students described the social resources available in form of other classmembers, newcomers and oldtimers alike. In addition, we were interested in how such social networks develop over time within a classroom community. We compared different classes but also looked at the perspective of students who transitionned from newcomers to oldtimers within the project. In this context, we also wanted to focus on the distribution of helping interactions. Previous research on computer-based learning environments documented extensive gender differences (e.g., Sutton, 1991) . In an analysis of an earlier software design project (Ching, Kafai, & Marshall, in press) we found significant gender differences in access to computational resources within student teams. Again, our focus in the present study was on students' perceptions of these issues as they emerged from their reports of helping interactions.
METHODS
Participants. Between Fall 1998 and Spring 2000, 97 students from three self-contained split-grade classrooms participated in this study (one class participated in a first and second design project thus resulting in 131 interviews) in an elementary school located in Los Angeles. The students' background was representative of the ethnic distribution found in the State of California. We will report on the results of four elementary science classes, called hereafter Class 1a (Fall 1998 ), Class 1b (Fall 1998 ), Class 2 (Fall 1999 and Class 3 (Spring 2000). The same teacher taught all four science classes with changing science topics: Classes 1a and 1b focused on ocean life whereas Class 2 focused on neuroscience and Class 3 on the human body. Each class was composed of roughly the equal number of fourth and fifth graders. In all but one of the classes (Class 1b), the fifth graders had participated in a similar software design project in the previous year. This group of experienced students will be called oldtimers; the other, inexperienced students will be called newcomers for clarification purposes. In each class, students were assigned to teams of 3-5 students each by the teacher and researcher assuring that each team was mixed gender and composed of oldtimers (or in the case of Class 1b, fifth graders) and newcomers. Students in Class 2 and 3 were the same, except that Class 2 represented the first software design project (Fall 1999) whereas Class 3 was the second design project (Spring 2000) in the same academic year. Students worked in teams developing their own research questions and implementing instructional software designs as answers. In conjunction with their science lessons, they conducted searches on the Internet and in books to find science information and representations for their questions. As part of their evaluative activities, students presented to their peers research questions and instructional software designs in public discussion sessions. Furthermore, the third grader for who the software was designed came twice during the project to provide feedback on the on-going instructional designs.
Data.
The main data for this study comes from post-interviews and Logo programming post-tests conducted with all 131 students in the four design projects.
Logo Tests. As part of our evaluation, we asked students to complete a Logo programming test, in which students listed and described all Logo programming commands they knew, wrote code and identified programming problems. Students' total score on this test was converted into a five-point scale with 5 representing the highest level and 1 the lowest level of programming proficiency.
Interviews. All interviews focused on multiple aspects of students' software design project experience and were videotaped. Two questions were of interest for this study: (1) Getting Help: During this project, did you get help from anyone else in your team or outside your team while working on your simulation, doing research, planning, or anything else? and (2) Providing Help: During this project, did you help anybody else in your team or outside your team with research, working on simulations, planning, or anything else?
All of the students' interviews were transcribed. To analyze the type of helping interactions, we took the answers to the two questions listed above from a randomly drawn subset of interviews and generated six categories of helping types: technical help, researching, software screen ideas, planning, feedback and unspecified help (see RESULT section for examples of students' answers in each category). Note that students often, but not always, answered both aspects of getting or providing help in one question and also mentioned helping interactions in other parts of the interview. For this reason, we read the whole interview and coded students' answers thematically (Chi, 1997) . Each phrase that mentioned a particular helping type was coded, but only once; therefore, students' could mention several types of receiving or providing help interactions with other team members. Ten percent of the interviews were coded with this scheme for inter-rater reliability which resulted in reliable agreement (alpha =.95). All remaining interviews were then coded by two separate coders.
To analyze the frequency of helping interactions, we went back to the interview segments identified as containing references to helping interactions. For each student, we listed whether oldtimer or newcomer students were named in giving or receiving help. We kept track of number of instances listed for each student. For a more qualitative analysis of team helping structures, we created team helping star diagrams (Wordham, 1998) using the following procedure: For each team we drew a circle and listed within it the names of team members. We then took each student's interview and drew arrows between team members indicating whether help was given or received. We then went to interviews of other team members and repeated the procedure. In a final step, we also examined all other class members' interviews and added arrows if those students indicated that they had either given or received help from these team members. Help given or received by students other than the team members were listed outside of the circle. This multi-step process resulted in team diagrams for each class which we used to analyze the level of reciprocity among team members. For example, full reciprocity within a team would mean that each team member reported giving or receiving help from every other member in their team. On the other hand, a low level of reciprocity would indicate that team members did not report giving or receiving help from each other. These team diagrams also allowed us to visualize the social network within a team and to what extent this networks were complemented by outside team members.
RESULTS
Types and Frequency of Helping Interactions. The analysis of interviews revealed a total of 628 helping interactions. Each student reported an average of 4.8 helping interactions though the range varied between 1 and 13 reports The most prominent type of helping interactions listed by every student was technical help (n=395) as expressed by Billy (all names have been changed): "I helped Anna. She didn't really know how to program, so I taught her how to program. .. I taught her how to make a reset button and she did that." This was followed by research helping interactions (n=121) such as "I helped Ricky with research .. I went up to Alta Vista with him and we went to different sites." Students then mentioned help with software and simulation designs (n=57) such as "Well, since me and Justin had the same question I thought of maybe a little something he could put into his simulation to make it a little bit better, like a little extra thing." Feedback (n=21) such as "I gave him some, like some feedback. I gave him like 'You should do like this or that'" was mentioned less frequently followed by cases of unspecified help (n=29). References to planning occured only in five instances but were then very specific such as Kirsten's statement: " Well, I think I tried to help the group stay on task and not to be so silly and do research and try to get things done actually... Well, a couple of times, since I was so fed up that no one was doing research, including me, then since we had a little key: red sticker means 'very important' and then blue sticker means 'important but not urgent', and then green sticker means 'need to look at' and then yellow sticker means 'ideas." Her description of her helping her team work with the planning board was seconded by another team member, Micky: "Kirsten was always encouraging everybody to plan and research." Impact of Previous Software Design Experience on Helping Interactions. The oldtimer students report about an about equal number of helping interactions as the newcomers. The substantial difference is in the relationship between giving help and receiving help: whereas oldtimers report on 136 acts of receiving help and 196 acts providing help, the relationship is reversed for the newcomers with 183 acts of receiving help and 113 instances of providing help. A particular strand of our analysis focuses on help only received from outside one own's team because we were interested in which ways students relied on outside help to get their tasks accomplished. We examined reports of receiving outside help between oldtimers, oldtimers to newcomers, newcomers to oldtimers, and between newcomers. Out of 103 perceived acts of giving helping, we found that oldtimer giving help to other oldtimers appeared most frequently (n=47), followed by oldtimers giving help to newcomers (n=39) whereas newcomers only reported 7 instances of helping oldtimers and 10 instances of giving help to other newcomers. In classes with oldtimers, students report to give and receive also help from other oldtimers in their class and in some cases also to newcomers in other teams. In contrast, students in Class 1b, feature few of such outside team helping. What emerges from these results is clear: being an oldtimers puts one in a privileged position of giving help to others, not just to newcomers but to similarly experienced oldtimers.
The analysis of team diagrams confirmed that most team members reported on either giving or receiving help to other members in their team. The most striking differences within team helping was the reciprocity among team members. In teams with oldtimers (Classes 1a, 2 and 3), we find reciprocal helping interactions not just between oldtimers and newcomers but also between newcomers themselves. In other words, in these teams everybody helps everybody else. In contrast, students in Class 1b, which featured only newcomers, report less reciprocal helping interactions. Oldtimers report on giving help to other newcomers but only to one member in their teams. It should also be noted that teams in Class 3 showed the most reciprocal helping structures not only between newcomers and oldtimers in teams but also between newcomers in a team.
The ability to give help was also closely correlated with programming expertise as assessed in a Logo proficiency test at the end of project. The analysis of pre-post test scores revealed significant differences between oldtimers and newcomers in all classes but no significant gender differences. When scored on a scale of one to five, one being the lowest level and five representing the highest level of programming skill, we found that students giving help to others averaged a level of 4.2. Also, all students who provided more than five helping acts outside of their teams received a level of 5.
Development of Social Networks over
Time. An important question is whether the nature of social networks, as perceived by students, changes with repeated project experience. Towards that end, we compared students' first design project experience (Classes 1a, 1b and 2) with that of having participated in a second design project (Class 3). We found that in all four design projects providing or receiving technical help was the most prominent form of reported helping interaction. But in all first design projects, we saw more than one half of reported helping interactions dedicted to technical help with Class 1b having the highest percentage of 77% followed by Class 1a with 67% and then Class 2 with 61% whereas Class 3, the only second design project, listed 53%. In this class we saw not only the highest number of perceived helping interactions but also the greatest spread into other categories such as science research and simulation/software screen designs. As students-newcomers and oldtimers alike-become more experienced in software design, they can allocate time resources to helping in areas other than programming.
In our analysis of giving help outside of one own's team, we see students in first design projects report 25 of such acts (Class 1a) followed by with 23 (Class 2) and with 17 acts of giving help (Class 1b). In the second design project (Class 3) we find 38 acts of giving help to other students. When we classified students according to their number of helping acts and assigned those students with more than five acts of outside helping the level of class expert, then the first design projects only counts one student as such whereas the second design project counts already three students as class experts. These few class experts (as nominated by their peers via their received helping acts) also all possessed the highest level of programming skill. All students who engaged in helping acts outside of their own teams showed high scores in programming proficiency but the average decreased slowly with 4.2 from the first design projects to 3.9 the second design project. Giving help is definitely connected with having programming expertise, something which is true of most but not all oldtimers. This is an indicator that with repeated design project experience, more students can become engaged in contributing to the helping network.
We also analysed the development of giving and receiving help for those 15 students (the data was available for six girls and nine boys) who we followed from being newcomers in Class 1a in Fall 1998 to oldtimers in Class 3 in Spring 2000. All newcomers receive more help than they give, a proportion which changes into the other direction when they turn into oldtimers: here oldtimers give more help than they receive.
Gender Distribution in Helping
Interactions. The analysis of providing or receiving help presents a picture familiar to researchers of computer-based learning environments: Throughout all four software design projects boys report not only receiving (n=205) but also providing (n=177) more help to their team members and class members than girls report about receiving (n=121) or providing help (n=135). It is only within the second design project that these differences becomes less prominent. When we examined only helping interactions by outside team members, we found this picture confirmed: Boys in all projects receive more than double the help from students (n=71) outside of their teams than girls (n=32). While instances of outside help increased in the second design project, the gender differences were still visible. When we analysed the gender-specific development of giving and receiving help for those 15 students who we followed over two years, we found that in all projects, the boys report on receiving more help as newcomers and oldtimers than the girls do.
DISCUSSION
The goal of this study was to understand how students' perceptions of social networks and resources are structured and which role prior and repeated experiences play. We found that students reported on a range of helping interactions. We also found that social networks do not reside only within teams but also include other classmates. Students' previous experience seemed to have considerable impact on helping interactions, with oldtimer students being notably in the role of providing help to other newcomers and oldtimers. We also found systematic gender differences in helping reports. In the following sections, we will address first methodological issues before discussing the types of social resources, the role of previous experience and the gender differences found in our analyses.
Methodological Issues. In contrast to previous studies, this research was based on spontaneously generated reports of helping interactions by participants rather than observational data or logfile analysis. Our analyses of students' perceptions beg the question to what extent students' reports are representative of actual helping interactions in the software design project. To address this question, we turn to an analysis conducted by Ching (2000) which examined video records and field notes of students' helping interactions within teams comparing Classes 1a and b. Her comparative observational analysis identified different forms of helping interactions around programming issues. Throughout different time points in the software design project, teams with oldtimers (Class 1a) operated in a more collaborative manner providing newcomers with assisted guidance than teams with only newcomers (Class 1b) where 5 th grade newcomers directed, took over or solved programming problems themselves. Such observational differences were reflected in the helping reports when analysing the team diagrams: Students in Class 1a reported more helping interactions and team diagrams indicated more reciprocal helping structures. While we do not have comparable observational analyses for the other two classes (Classes 2 and 3), this partial comparison tells us that students' perception of helping interactions seem to carry reasonable validity.
What is not clear is whether these helping accounts are representative of students' whole project experience. It could well be that students remember better the last project weeks which deal with the completion rather than the beginning phase of the project. It appears that the helping examples provided by students occured during the middle and the end of the project but we do not have students' confirmations as we did not prompt them to provide us with specific time points. We also did not prompt students in a systematic way to review helping interactions with all their other team members and other classmates. It is possible that many helping incidents went unreported and we do not have a complete record of helping interactions in the project. It is clear that the analysis of log files provides here a more complete account of interactions.
A further concern is the difficulty to judge the quality of helping interactions based on students' descriptions. In our analysis, we treated all helping interactions as equal. It is conceivable that the quality of helping interactions varied considerably in length and difficulty. Some reported helping interactions could have been short in time whereas others might have summarized repeated efforts over days or weeks helping to solve a problem. Nurmela, Lehtinen and Palonen (1999) found in their study of social networks that the document most referenced by participants was not necessarily the best in terms of its theoretical quality. What this suggests is that future studies of social networks need to consider multiple indicators in the qualitative and quantitative analysis of relational data. One example can be found in Sack's recent study of conversational patterns (in press) in which he employed multiple linked representational formats.
This discussion points to some methodological issues in using students' perceptions as data for social network analysis. However, from our partial comparison with observational data we know that students' perceptions reflect the tenor of actual patterns in helping interactions. In addition, they at least mirror what students remember in terms of social resources and interactions with their classmates.
Students' Description of Social Resources. Another finding concerns the type of helping interactions found in the software design projects: students reported a whole range of helping interactions. While technical help was the most prominent type of help described, other types such as science research, software design and feedback were present in all projects. This range seems to indicate that students' perceived social networks drew from a rich set of resources present in their team and in other class members. Students were able to provide or receive assistance in a range of issues and not just one particular type. The prominence of technical help is not surprising given that all students, but especially newcomers, felt challenged in learning the Logo programming environment and commands. Students in all classes did not have prior programming experience though all of them had worked with various software packages. But we should also acknowledge that the boundaries between the helping categories of technical help, science research and software design are less clearly defined as it appears. We have argued elsewhere that in fact the context of software design merges technical issues with those of science and interface design (Kafai & Ching, 2001) . Technical issues of how and what to program are often connected to content issues of what has been chosen as representation or to be represented in instructional designs. Conversely, ideas of what to create as science multimedia representations are impacted by what students know about programming. It is possible that the perceived difficulty of learning how to program also influenced students to frame their helping reports in technical terms rather than to give weight to the other equally, difficult aspects of developing one own's research questions, providing feedback, etc. This might explain the near absence of planning helping reports. Ching (1999) also found that planning did not figure in either newcomers' or oldtimers' perspectives of their roles. A promising finding, however, is that with repeated project experience, other types of helping apeared more frequently in students' answers. As students became more experienced with the project and programming, their range of helping interactions expanded.
The Impact of Students' Previous Experience in Social Networks. The presence of experienced students within teams was a special feature of our collaborative computer-supported learning environment. The result that oldtimers, when compared to newcomers, reported more acts of giving or receiving help is not suprising. One would expect such results given that oldtimer students know more Logo programming. The analysis of Logo programming tests revealed significant differences between newcomer and oldtimer students in all four classes. The positive aspect of the oldtimers' presence in teams is multifold. For one, other students and not just the teacher, can provide help on demand in a variety of programming problems within and outside teams. A further benefit is that oldtimers model helping interactions for newcomers, and therefore prospective oldtimers. In addition, programming experience is distributed among oldtimers and thus not only boys but also girls find themselves in the roles of class experts. We know from the comparative analysis with Class 1b, which featured only newcomers, that many of these benefits were not present and consequently offer a possible explanation for the lesser number of helping reports and reciprocal helping structures found within these teams.
The most promising finding appears in the second design project in the same academic year (Class 3), when not only oldtimers but also newcomers were more experienced in the various demands of project work. In the second design project, some newcomers already approach oldtimer status as some oldtimer students expressed in Ching's study (1999) : "Bert [a newcomer] is already like a second year student [i.e., oldtimer, as students in the class referred to themselves as first years and second years]." But also oldtimers became more experienced in being oldtimers, an aspect which expressed itself in their early completion of instructional designs and the higher number of class experts. For that reason, oldtimers might have had more time to help newcomers and other oldtimers in the class thus explaining the higher number of helping reports. In addition, this might have provided oldtimers with more time to help out with other aspects of project work such as science research and software designs which might explain the wider spread across helping categories. In other words, the social resources and networks grew in the second design project to the benefit of all.
We also know from our two-year developmental analysis of newcomers transitioning to oldtimers, that this growth was reflected on an individual basis. It is important to note that not all oldtimers were class experts in programming but that there was a wide spread of programming competence. But oldtimers also became more experienced in other aspects of the project work and could provide assistance, as indicated with the larger spread of helping categories in the second design project. The transition from newcomer to oldtimer meant essentially a move from receiving help to giving help within teams. Most importantly, all of those 15 students underwent this shift, an indication not only of their changed but also their perceived role in the project.
Issues of Equity in Social Networks. As in other research, our findings indicated strong gender differences in receiving and requesting help from other class mates. Even in the longitudinal study of oldtimer boys and girls we found the gender differences in receiving and giving help reflected. One could stipulate that this finding is due to girls' lack of programming knowledge. However, our analysis of Logo programming tests revealed no significant gender differences in all four classes. In the software design project, oldtimer girls are as proficient as oldtimer boys in programming. When we examined the outside helping reports, we found that boys and girls were equally frequent in the position of 'class experts'.
It is possible that larger social forces are at play here. For example, it is known that boys tend to play in larger groups than girls (Thorne, 1993) . One could speculate that boys tended to view other boys within their teams and outside of their teams as part of their expanded social network whereas girls tended to limit themselves to within team helping. Within such larger social networks, there are more social interactions of giving and receiving help. It is also possible that girls see helping interactions more as 'common practice' and consequently tend to underreport them whereas boys are more aware of helping acts as a way of establishing social rank within their network.
Whatever the explanation, it is perplexing to find that gender differences are eradicted in programming proficiency tests but still replicated in helping structures. While this points to success on some levels, it also indicates that creating equitable learning environments is not just a matter of skill equality. The real reason to be concerned here is that helping interactions provide opportunities for practicing skills and applying knowledge that are not equally distributed among all class members, as judged by students' reports. While individual students might not be aware of such missed opportunities, the comparative analysis of social networks based on the whole class data revealed these differences. These differences can become less prominent, but still present, with a second design project experience.
CONCLUSIONS
In engineering reform-minded computer-infused collaborative learning environments, we need to develop multiple tools and methods to understand the complex collaborative interactions between people, artifacts, and contex. The analysis of students' interactions and perceptions can provide complementary perspectives of how such social networks are constructed and develop over time.
